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Introduction
Transformations in the economic structure of industry are the result of changes in revenues from the sales of new and signiÞ cantly improved products. Long-term development co-exists with short-term safety and investment. Coordination of these elements causes crucial changes in the improvement of the systems and their integration into the local landscape (Frost, 2000) . The demand that drives the revenues mentioned above is strongly responsive to external pressure. Trade liberalisation, in turn, brings about quite sustainable growth as well as productivity increase (Winters, 2004) . Thus, the main source of structural transformations in industrial enterprises is innovative activity, including new technologies, aimed at placing on the market new and signiÞ cantly improved products enabling a cost and competitive advantage on the market. Competition leads to an increase in employment and its re-assignment. A direct mechanism increases the transfer of qualiÞ ed labour (Warzynski, 2003) . The effects of a competitive advantage vary considerably depending on the industry sector. Resulting from Cameron and Chamal's studies (2004) , the sets of enterprise managers ready to expand their programmes towards making a change and those ready to achieve their objectives were highly correlated. This indicates the unity of change and business objectives. With the elasticity of demand for a particular product, a reduction of its costs usually leads to the expansion of this industry. A cost advantage in another sector of industry may, in turn, bring about a shift of demand to this industry and the growth of other industries.
The determinants of the pace of structural changes in industry are interrelated and interdependent. Therefore, solving the problem of structural changes in innovation calls for determining the mutual relation between the basic determinants of innovation efÞ ciency in industry.
As regards innovation research, the literature that points to the ways in which sustainable pace of increase in individual aspects of innovation impact or inß uence the new innovative output sold is unsatisfactory. The issue in question is very important because of implementations of top-efÞ ciency innovations. The research discussed in this article indicates how differentiated paces of increase in aspects of innovation may imply decreased sales of new products whilst also decreasing the efÞ ciency of innovation. The proposed research seeks to Þ ll this gap, at least to a certain degree.
The objective of the survey is to identify the structure of innovative marketed production and the structure of the related innovation expenditure in Polish industry in 2005-2013. In addition, its aim is to identify the rates (pace) of growth in products and in innovation expenditure in Polish industry in the years analysed.
Hypothesis: the intended impact on the structure of new and signiÞ cantly improved products is possible through an appropriate pace and structure of innovation expenditure, combining the structural-quality effect with the technological and technical effects in Polish industry.
Literature review
Most countries consider modern innovative industry to be one of the most poignant sectors of the economy. According to reference literature, the owners of industrial enterprises implement innovations for building further systems, innovative products and projects (Seaden & Manseau, 2001) . Governments identify this issue as a very slow growth rate of investment in research and development (Dulaimi et al., 2002) . The endogenous growth (Romer, 1986 (Romer, , 1990 Lucas, 1988; Krugman, 1991) is conditioned by an excess amount of knowledge from the outside, which constitutes an important source of innovation (Csugány, 2018) . These external sources mould the speciÞ c region, engendering its faster growth rate.
The interplay between disciplines, suppliers and consumers causes the dynamics of innovation to be full of interaction, thus making it also more open (Hronszky & Kovacs, 2013) . In an environment of globalisation, H. Chesbrough (2003) coined a new term for this new phenomenon: namely, free space innovation. Unavoidable costs of alternative research and development activities are incurred, together with their unimplemented innovative ideas and development alternatives in the form of additional income (Hronszky & Kovacs, 2013) . The latter authors indicate that the costs, similarly to the risks of research and development, grow rapidly over time along the value chain as it becomes shorter and shorter. With the growth in innovation dynamics, they bring about high risk, also resulting in the high proÞ t of the undertaking. The phenomenon of open innovation achieved through a new combined mechanism of research innovation allows us to understand the application of R&D in the innovation chain for the dynamic balancing of the innovation (qualitative and structural innovation changes). It is associated with an increase in the utility needs of customers (Mulder & Stappers, 2009) , and it leads to further expansion of the structure of the innovation growth for each innovation (innovation restructuring).
The average high-tech sector and the real intensity of technology with a high proportion of R&D are characterised by the fastest growth rate of labour productivity (Lexa & Rojieek, 2007) . The predominant grounds for shifting companies towards cost-orientation, which allows them to reduce labour costs, are as follows: market orientation (new markets), a qualiÞ ed workforce, suppliers and mineral re-sources (Ženka, 2009 ). On the other hand, the impact of globalisation on the factor resources (capital liquidity, free goods) and economic conditions (global competition intensity, the development of production factor costs, R&D, technology and organisation trends). These are both internal and external factors (Tiggeloove & Vossen, 2005; Pennings & Sleuwaegen, 2000) . Some of the most important external factors also include relationships with suppliers (these are relational resources), dissemination of innovation and the dependencies on the research and development in the industrial sector (Breschi & Lissoni, 2001; Boži , 2011) .
High main outlays increase the share of costs locked-in on tangible property (Stam, 2006) . Investments in buildings and structures purchase of machinery and equipment or employee training are examples of costs which are difÞ cult to recover. Most frequently, they become the trigger factor for dislocation of production activities -since costs vary from country to country (Tiggeloove & Vossen, 2005) . Structural impact reaches the region, with relatively high intensity and productivity of capital output, which is the result of long-term specialisation in heavy industry. Metropolises and regional centres are internally diversiÞ ed in terms of stability to a signiÞ cant extent. Their individual groups are also internally diverse. Moreover, they are located in major industrial cities which make for attractive technology centres. Furthermore, it must be noted that companies specialising in the automotive sector have a signiÞ cant impact on the structural changes in urban districts and development centres. Important industrial R&D centres are located in these neighbourhoods (Ženka, 2009 ).
The selected reference literature allows for a revision of the effect of open innovation strategies on the innovation capacity in industry and its impact on the market. It is, therefore, necessary to review the changes in innovation efÞ ciency in the industrial sector (Sarkar & Costa, 2008) .
Methodology
The share of the component in the total in the reference period is marked as y t-1 , whereas the share of the component in the current period is marked as y t , while the values y t-1 and y t have a common measure.
As above, y t-1 speciÞ es the level of the phenomenon in time t-1, which is the basis of the comparison for the level of phenomenon y t , in subsequent points in time as the indicators (indices) of the value y t dynamics:
(1) = The level of the phenomenon examined in the scheduled point in time t-1 is the basis for the comparison for the phenomenon y t level in subsequent points in time. If the basis is always the preceding point in time t-1, the indicators (indices) of dynamics are called chain indicators, and if the basis of the comparison is constant y t-1 , the indicators of dynamics are one-base indicators.
Thus, the value of the total increases, resulting from the changes in the share of particular elements in the total -up to the Þ gures in the formula numerator (1). The changes in the share of particular components in the total depend on the intensity of changes in the range of the components and on the differences in the growth rates of the range of these components. Thus, the structural changes are the outcome of the uneven intensity of changes in the range of separate components.
There exist some relationships between the rates of growth in separate components in the total and the rate of growth in the share of these components in the total. However, it must be observed that there is no form of relationship between absolute increases of component shares in the total.
The rates of growth in particular component shares in the total and the rate of growth in the range of the whole group may be used to determine the rate of growth in the range of particular components of this total as: i m = i t * i m where i mrate of growth in the range of a speciÞ c component of the group, i t -rate of growth in the share of a speciÞ c component of the group, I m -rate of growth in the range of the whole group.
The rate of growth in the range of the whole group (I m ) (2) may be calculated on the basis of the rate of growth in the share of a speciÞ c component of this group (i m ) and the rate of growth in the range of this speciÞ c component of the group:
(2) Relative coefÞ cients, which are general structural change indicators enabling the possibility of assessing the uniformity of changes in components of the total, are more useful in examining structural changes. The uniformity of changes in the elements of the total is, in turn, characterised by the proportionality of the development of particular components of the total. However, coefÞ cients of relative structural changes may be used to characterise in time the proportionality of the development of relationships and proportions between components of the total. Relationships or proportions are strictly deÞ ned, in quantity terms, relations between components in the total. However, they do not characterise these relations qualitatively.
The examination of technical progress and innovation is connected with methodology selection, in particular the duration of events, processes and economic phenomena in time in the economy. In studies on technical progress and = innovation processes, the duration of the time horizon of the analysis performed is crucial (Pianta, 2001) . The long-term approach requires that we accept assumptions which might result from the properties of the Cobb Douglas function.
The technical progress rate comprising innovative processes has a parameter nature, and thus it has a determined; however, not speciÞ c value constant in time.
In the Cobb Douglas production function (Y), it may be taken into account as a mathematical constant:
( 3) Where: X 1 -labour input,
Following the relevant transformations of the function equation (3), the product growth rate (y) may be deÞ ned as the total of the appropriately weighted rates of growth in labour input (x 1 ), physical capital (x 2 ) and the rate of technical progress (innovation) (d) in time t (4). It was proved that the productivity of the labour force is directly proportionate to the beneÞ ts from education productivity. The literature emphasises the importance of social capital (Temple, 2001/II) . Human and physical capital are complementary factors, not substitution ones, like physical capital and raw labour force. Fixed asset (property) development is the source of labour productivity increase.
(4) Then innovation growth rate (d) (5): (5) where: d -innovation growth rate,
x 1 -rate of growth in expenditure on human capital, y -product growth rate (constant),
x 2 -rate of growth in physical capital expenditure (constant), b, c, -constant function parameters. The innovation growth rate (5) is the surplus of the product growth rate above the total of the rates of human and physical capital (asset) expenditure.
Structure of marketed production and the related innovation expenditure
It has been determined that relationship exists between economic structures such as the structure of marketed production of new and signiÞ cantly improved products and the structure of innovation expenditure. The relations between research development and innovation are comprehensive, non-linear. New goods, services, Þ nal products of higher quality as well as new production processes are created (Guellec & van Pottelsberghe de la Potterie, 2001) . The methods applied to assess the structure of the marketed production of new and signiÞ cantly improved products and the structure of innovation expenditure are based on the balance type of reasoning. Balancing, input -output analysis may be successfully supplemented by the evaluation of functional relationships be-tween the technical progress and innovation rate and the structure of the marketed production. Production must be adapted not only in the calculation but also in reality; also the most important types of material input (Vanecek & Kalab, 2005) . The selection of development priorities and the allocation of resource factors should be assessed from this particular perspective.
Based on the data in Table 1 , it might be concluded that in 2005 each PLN 1 of innovation expenditure generated more than PLN 10 of the value of the marketed production of new and signiÞ cantly improved products, whereas in 2013 it was only in excess of PLN 5. Thus, in the years analysed the value of the marketed production halved for each PLN 1 of innovation expenditure.
Structural changes in the marketed production and innovation expenditure are the outcome of the uneven intensity of the changes in the range of its components. Table 2 shows these changes versus the reference year. Based on the comparison of the changes in the marketed production of innovative products and their innovation expenditure shown in Table 2 , it may be concluded that the marketed production in the period analysed fell by over 24 percentage points, whereas innovation expenditure went up by over 52 percentage points.
As regards the marketed production of new products, changes which took place were of diverse nature, whiles regards the signiÞ cantly improved products, a downward trend was observed until 2008 (Þ nancial crisis in the US). In 2009-2013, an upward trend was identiÞ ed in the form of economic recovery. Another economic recovery (Francois & Lloyd -Ellis, 2003) . In the period analysed, expenditure on research and development, as well as machines, technical equipment, tools and means of transport increased more than threefold. Expenditure on training and marketing in Polish industry grew threefold in 2005-2013. However, expenditure on know-how from external sources and software fell, whereas that on buildings, structures and land went up in 2005-2008. Reversed changes in that expenditure were observed in 2009 -2013. The changes in the marketed production of new and signiÞ cantly improved products and the related innovation expenditure show an increasing link between the expenditure on research and development (more than threefold) and the step changes in the value of the marketed production of new products in the period examined. It is worthwhile to add that expenditure on machines, technical equipment, tools and means of transport, as well as expenditure on know-how from external sources and software represent a passive transfer of technology and are a characteristic feature of Polish economic conditions. Table 3 show the indicators of dynamics with a variable basis which express chain connections between the events (phenomena) in the period examined. It should also be added that the events in the sequences analysed display a tendency of mutual correlation. Subsequent observations in time sequences show a trend of mutual correlation (Aczel, 1993) . The rate of growth in the total marketed production value of new and signiÞ cantly improved products is negative in most of the years examined, except for three or four in the case of signiÞ cantly improved products points in time. However, the rate of growth in expenditure on total innovation over the whole period under examination is positive, excluding 2009 and 2010. Within expenditure on innovation, research and development is characterised by a positive growth rate over the whole period under examination. Expenditure on training and marketing is in second place, with a positive growth rate except for 2009 (when Poland was hit by the crisis). Within expenditure on innovation, machines, technical equipment and tools, as well as means of transport are characterised by the lowest number of years in which a negative growth rate was noted (2010 and 2013). Innovation expenditure characterised by the highest number of years with a negative growth rate was incurred on buildings, structures and land (2009, 2010 and 2011) , as well as know-how from external sources and software (2006, 2007, 2008 and 2011) .
Data in
The basis for identifying the sub-periods of the survey in the time sequence is the Þ nancial crisis in the US in 2008, which hit Poland in 2009. The absolute increases presented above provide information on absolute changes in the economic phenomenon level over time, whereas relative increases (Table 3) are the basis for determining the average annual rate of growth (change) as a parameter of the average phenomenon level assessment (Table 4 ).
The data in Table 4 indicate that over the period of 2006 -2009 the average annual growth rate in the total marketed production of new and signiÞ cantly improved products was negative. This determined a negative growth rate in the marketed production in 2006-2013. As regards the value of the marketed production, the most rapid growth rate was noted in the case of signiÞ cantly improved products over the period of 2010-2013 (4.4%). The growth rate in the total marketed production was nearly 67% slower, and that of new products was negative in 2010-2013. Total expenditure on innovative products and processes in Polish industry in the whole period under examination was characterised by a positive growth rate (5.4%). The most rapid rate of growth in total innovation expenditure was observed in 2006-2009 (8.4%) , whereas the slowest was in 2010-2013 (2.5%). This was the period immediately following the economic crisis. Expenditure on know-how from external sources and software was characterised by the most rapid rate of growth in 2010-2013 (25%). In the same sub-period, the rate of growth in expenditure on training and marketing was a little slower (19%). Out of innovation expenditure on assets, the most rapid growth rate was observed in respect of machines, technical equipment and tools, and well as means of transport in 2006-2009 (35%) . Throughout the whole period under examination and in the sub-periods, the rate of growth in expenditure on research and development was relatively stable (15%). However, this rate was too slow as compared to the rate of growth in the value of new products and types of mobile innovation expenditure on assets in 2006-2009 and throughout the whole period analysed. The remaining innovation expenditure was characterised by the slowest growth rate. That complicated the economic efÞ ciency of the structure of innovation expenditure in Polish industry in the years examined. The innovation growth rate in the sub-periods, as well as throughout the whole period under examination was negative. This results from the fact that the rate (pace) of growth in the value of the total marketed production of new and sig-niÞ cantly improved products was the slowest or negative. This does not permit the obtaining of a surplus above the growth rate of the product of the total rates (pace) of expenditure on human capital and physical capital (assets) in Polish industry in the years examined.
The diversity in the average annual growth rate brought about chaotic changes both in innovation expenditure on human capital and physical capital (assets) in Polish industry in the years examined. This was reß ected in the structure of the marketed production and the related innovation expenditure as shown in Table 5 .
Data in Table 5 show average changes in the structure of the value of the marketed production and the related innovation expenditure on human capital and physical capital (assets) in Polish industry in the years examined. They reß ect the transformations in the system of elements and in the nature of changes in the period under examination. The analysis of the nature of growth in the sub-periods leads to the quantiÞ cation of change trends in the marketed production and the related innovation expenditure. In 2005-2008, the share of new products in the structure of marketed production increased (by 24 percentage points), whereas in 2009 it declined (39%). In 2010, an increase in the share of this production was observed (62.8%), with a gradual reduction of its share in 2010-2013. However, it must be noted that this reduction does not respond in any way to an increase in the share of expenditure on research and development in 2009-2013 (by 7.6 percentage points), or to an increase in the share of machines, technical equipment and tools, and well as means of transport in the structure in 2009-2013 (approx. 60%). Opposite trends emerge in the share of signiÞ cantly improved products in the marketed production in Polish industry over the period under examination. In 2005 -2008, a decline was observed, whereas in 2009-2013 there was an upward trend. In 2005, the share of the marketed production of new and signiÞ cantly improved products is similar to one another, whereas in the last year analysed it changes to reach a ratio of 1:2.
Thus, it may be noted that the transformations in the structure of innovation expenditure were more favourable to an increase in the share of the marketed production of new and signiÞ cantly improved products than to new ones. In the context of endogenous growth, surpluses required to maintain production emerge naturally as rewards for happy innovative activity (Francois & Roberts, 2003) . Changes in innovation expenditure were as follows: doubling expenditure on research and development, doubling the share in the expenditure structure of machines, technical equipment and tools, and well as means of transport over the period under examination; and reducing threefold the share of innovation expenditure on buildings, structures and land. It is necessary to apply innovation in the development process in order to form intelligent expert systems (Lynch et al., 2000; Stoj i et al., 2018; Zeki , & Samaržija, 2017) . In addition, the share in the expenditure structure of know-how from external sources and software, as well as training and marketing was maintained at a relatively similar low level.
Summary and conclusions
The following hypothesis was conÞ rmed: the intended impact on the structure of new and signiÞ cantly improved products is possible through an appropriate pace and structure of innovation expenditure, combining the structural-quality effect with the technological and technical effect in Polish industry.
An increase in the marketed production of new and signiÞ cantly improved products may take place in time for numerous reasons, which may appear jointly or separately.
The group of reasons behind the factors analysed comprises the development of the technical and innovative know-how accompanied by relative stabilisation of the available factors of production.
The dynamic analysis may be carried out upon disaggregation of the reasons behind the innovative production increase due to an improvement of the technical and innovative know-how. It is justiÞ ed to apply here numerous rates, as the direct effect of the technical progress and innovation is the change of the structure of all macro-dynamic variables examined in the survey.
Technical progress determines a constant change of not only the structure of marketed production, but also the structure of human and physical capital.
As regards the relationship between changes in the structure of innovative marketed production and the structure of innovation expenditure, of importance is the efÞ ciency of directly generating physical production capital and social capital. Since the rate (pace) of growth in innovative marketed production of new and signiÞ cantly improved products and the rate (pace) of growth in physical capital are determined by the milieu of a particular enterprise, and are not dependent on decisions of particular enterprises, the only variable that explains the rate of innovation growth as the endogenous and not exogenous variable (long-term analysis) is the rate (pace) of growth (in the value) of expenditure on human capital in Polish industry in 2005-2013. Out of the years examined, the rate (pace) of growth (in the value) of expenditure on human capital was executed most extensively in Polish industry in 2010-2013. This is represented by the diverse rates of growth (in the value) of expenditure on research and development (16%), expenditure on know-how from external sources and software (25%), and expenditure on training and marketing (19%). Although these rates are rapid, they relate to a short span of years and are in disequilibrium. However, the preparation and creation of innovation, because of the long time horizon, are considered asinter-generation processes (15-20 years).
In 2006-2009, the rate (pace) of growth (in the value) of expenditure on human capital was executed to a limited extent through the rates of growth in expenditure on research and development (14%), and expenditure on training and marketing (3.4%). The remaining expenditure was characterised by a decline. In this sub-period, there was no parallel ß ow of expenditure on human capital, and thereby the total of the value of the innovation created was limited.
The result of creating the innovation growth rate is the rate (pace) of growth (in the value) of expenditure on human capital, although executed to a limited extent through the rates of growth in expenditure on research and development (15%), on know-how from external sources and software (7%), and expenditure on training and marketing (11%). The creation of innovation depends on the structure of human capital, which in the years analysed was stimulated by a disequilibrium of the growth rate in expenditure which constituted a non-uniform ß ow of expenditure on human capital in Polish industry. This proves the key importance of all dimensions of the innovation potential in order to exploit it effectively.
The average annual growth rate of total process and product innovation outlays, as compared with an average annual rate of total production sold of new and improved goods in Polish industry in the years 2006-2009, amounted to zero (was nulliÞ ed), while between 2010-2013the growth rate of innovation expenditure was slightly faster than innovative production -by 0.6 percentage points, whereas in the years 2006-2013, the growth rate of innovation investment slowed down, which contributed to a regression in the growth rate of production sold of new and signiÞ cantly improved goods in Polish industry.
